The magnetic properties including the magnetic structure were determined by magnetometric and neutron diffraction measurements of the polycrystalline samples of R2PdSi3 (R = Ce, Nd, Tb-Er). In Ce2 PdSi3 the Ce moments order below 2.5 K. The Nd magnetic moments in Nd2 PdSi3 exhibit ferromagnetic ordering below 17 K. In Tb2 PdSi3 , a complex situation is observed: in the temperature range from 1.5 K to (tN = 25 K), there is a coexistence of a ferromagnetic spiral (about 75% of the magnetic moment) and a spin-glass (about 25%). For the Dy, Ho, and Er compounds, below TN (7.5, 8, and 7 K respectively), sinusoidally modulated structures are observed. The valence band and the core level photoemissions of 4d of rare-earth metal, 3d Pd, 2s and 2p Si were investigated by X-ray photoemission spectroscopy measurements.
Introduction
The ternary rare-earth (R) compounds [1] have attracted considerable attention [1] . Recently, we have been paying special attention to the R2PdSi3 [2] . X-ray diffraction data [2] indicate that these compounds with R = Pr, Nd, Gd, Tb, Dy, Ho, Er, Tm, and Y crystallize in ΑlΒ 2-derived hexagonal structure. Pr2PdSi3 does not show any magnetic ordering temperature down to 4.2 K. Nd 2 PdSi3 is ferromagnetic with a Curie temperature of 16 K. The heavy rare-earth compounds (R = Gd-Er) show magnetic ordering temperatures in the region between 8 and (823) 21 K [2] . New magnetic data [3] [4] [5] [6] reveal small anomaly in the temperature dependence of the magnetic susceptibility of Ce2PdSi3 near 7 K [3] , two ordering temperatures at 40 and 10 K for Eu 2 PdSi3 [4] , one at 21 K for Gd 2 PdSi3 [5] , 23 for Tb2PdSi3 and 8 K for Dy 2 PdSi3 [6] . To resolve these data we performed new magnetic, neutron diffraction and photoemission experiments for the R2PdSi3 samples (R = Ce, Nd, Tb, Dy, Ho, and Er). With these data magnetic and crystal structures and electronic structure of these compounds are determined.
Experiment and results
The preparation of the samples were described in [5] . The X-ray diffraction patterns confirm that the compounds crystallize in a ΑlΒ2-derived hexagonal structure. The magnetic susceptibility and magnetization of polycrystalline s a m p l e s w e r e d e t e r m i n e d w i t h a C r y o g e n i c s S 1 0 0 S Q U I D s u s c e p t o m e t e r t h a t o p e r a t e s in magnetic fields up to 1000 Oe and with an Oxford Instrument VSM 12 T magnetometer in magnetic fields up to 120 kOe between 4.2 and 300 K. For Ce2PdSi3 compound additional measurements were performed at low temperatures down to 1.8 K. For all the compounds the neutron-diffraction measurements were carried out in the BER II reactor at the Hahn-Meitner Institut in Berlin. The neutron wavelength was 2.44 Α. The observed neutron-diffraction intensities were processed using the FULLPROF program [7] .
Photoemission measurements were performed using commercial LHS10 SPECS spectrometer with hemispherical energy analyzer using following radiation sources: non-monochromatized Mg Κ (hv = 1253.6 eV), monochromatized and non-monochromatized Al Κα (ħv = 1486.6 eV). The total energy resolution was about 0.8 eV for Ag 3d peaks with Mg Κ α radiation and 0.55 eV for monochromatized Al Κα radiation. The spectrometer was calibrated using the Cu 2p, Ag 3d and Au 4f core-level photoemission spectra. Measurements were made at room temperature in high vacuum (2 x 10 -9 mbar).
The temperature dependences of the magnetization and magnetic susceptibility for R2PdSi3 compounds at low temperatures give the following results:
-for Ce2PdSi3 below T = 2.5 K a small maximum, -for Nd2PdSi3 ferromagnetic ordering below 16 K, -for Tb2PdSi 3 a sharp peak at 23 K and a second broad peak between 10 and 18 K, -for other compounds at 7.5 K (R = Dy) and at 8 K (R = Ho and Er) a maximum is observed and shows antiferromagnetic ordering.
The neutron diffraction data of R2PdSi3 compounds, at low temperatures (below TN) shows the presence of the following magnetic structures:
-sine modulated with the propagation vector k = (0, 0, 0.208(1)) for R = Ce. The Ce magnetic moments equal to 1.14(10) μB lie in the a-α plane, -collinear ferromagnetic with the Nd magnetic moment equal to 1.97(9) μB parallel to the c-axis for R = Nd, -for Tb2PdSi3 compound, the majority nearly 75% ferromagnetic spiral with the propagation vector k = (0.486(1), 0, 0.174(2)) and spiral axis parallel to the c-axis. Nearly 25% of the Tb magnetic moments form a spin glass.
For the other compounds the sine modulated structures are observed. In Dy2PdSi3 magnetic order is described by the propagation vector k = (0.174(8), 0.1618(7), 0) and the magnetic moment equal to 4.50(17) μΒ parallel to the c-axis.
In Ηο 2 PdSi3 magnetic structure with k = (0.1387(2), 0.0066(3), 0) with the Ho magnetic moment equal to 8.27(10) μB and parallel to the c-axis. In Er 2 PdSi3 magnetic order is described by the two propagation vectors: k 1 = (0.1434(2), 0, 0) and k2 = (0.112(2), 0.118(2), 0). Er magnetic moment is parallel to the c-axis.
The X-ray photoemission (XPS) spectra of valence bands (see Fig. 1 ) indicate that these are dominated by contribution of the rare-earth 4f states. The Pd 4d state near 4 eV are observed (see XPS band for Ce 2 PdSi3 ) while Si states near 9 eV are not observed. Except the cerium compound, for other compounds the intensity on the Fermi level is small. The peak near the Fermi level in Ce 2 ΡdSi 3 compound is connected with the Ce 4f band.
Analysis of the core levels Si 2s, Si 2p3/ 2 , Si 2p 1 / 2, Pd 3d5 / 2, Pd 3d3/ 2 , and rare earth 4d give the following results: -the energy of Si 2s, Si 2pI / 2, and Si 2p3 / 2 levels does not change for all compounds except Ce2PdSi3 , which is small on 0.6 eV. Also the value of ΔΕ = Ε(2p1 / 2 ) -Ε(2p3/ 2 ) for cerium compound is smaller than other,
-the values of E(Pd 3d 5 / 2 ) and E(Pd 3d3/ 2 ) for Ce2ΡdSi3 are smaller than those for other compounds, while the values of ΔΕ = E(Pd 3d3/ 2 ) -E(Pd 3d5/2) are constant for all compounds, -we observed the widespread multiplet structure of 4d XPS in all compounds. The observed for all compounds multiplet structure is similar to the clean rare-earth metals, and we concluded that the rare-earth ions keep the 3+ valency in the measured compounds. The least results are in good agreement with the results of the magnetic measurements at high temperatures, which give the values of the effective magnetic moment near to the R3+ ion values.
